We present a spectral and imaging analysis of the X-ray reflecting structure at the heart of the Circinus galaxy, investigating the innermost regions surrounding the central black hole. By studying an archival 200 ks Chandra ACIS-S observation, we are able to image the extended clumpy structure responsible for both cold reflection of the primary radiation and neutral iron Kα line emission. We measure an excess of the equivalent width of the iron Kα line which follows an axisymmetric geometry around the nucleus on a hundred pc scale. Spectra extracted from different regions confirm a scenario in which the dominant mechanism is the reflection of the nuclear radiation from Compton-thick gas. Significant differences in the equivalent width of the iron Kα emission line (up to a factor of 2) are found. It is argued that these differences are due to different scattering angles with respect to the line of sight rather than to different iron abundances.
INTRODUCTION
Seyfert 2 galaxies are a particular class of AGN that are fundamental for our understanding of the circumnuclear environment, due to their heavy obscuration. If the absorbing material is thick to Compton-scattering (i.e. NH σ −1 T = 1.5 × 10 24 cm −2 ) the nuclear emission below 10 keV is completely obscured, allowing a clear view of components that are instead heavily diluted in unobscured sources, often down to invisibility. The Circinus galaxy, one of the closest AGN (D=4.2 +0.8 −0.8 Mpc: Freeman et al. 1977 ) and brightest Seyfert 2 galaxies in the sky, has been largely observed by X-ray satellites in the last 20 years. It was observed by ROSAT during the All Sky Survey for the first time in X-rays (Brinkmann et al. 1994) and later on by ASCA, showing a spectrum dominated by a pure Compton reflection component (Matt et al. 1996) , with a prominent iron Kα emission line and several other lines from lighter elements (Bianchi et al. 2001) . BeppoSAX, some years later, confirmed the ASCA results below 10 keV and showed an absorbing column density of 4×10 24 cm −2 ; Guainazzi et al. 1999 ). The properties of the nuclear emission studied with better angular resolution X-⋆ E-mail: marinucci@fis.uniroma3.it (AM) ray satellites such as Chandra (Sambruna et al. 2001a,b; Mingo et al. 2012 ) and XMM-Newton (Molendi et al. 2003; Massaro et al. 2006 ) have been widely described. The extranuclear activity of Circinus has been very well studied too, including an [OIII] ionization cone (Marconi et al. 1994) , two starburst rings at ∼ 2 arcsec and 10 arcsec from the nucleus (Wilson et al. 2000, references therein) and an overall complex extended radio structure (Elmouttie et al. 1998; Curran et al. 2008 , and references therein). We refer the reader to Maiolino et al. (2000) ; Ohsuga & Umemura (2001) for a more extensive description of the complex nuclear structure. In this work we present the analysis of an archival 200 ks Chandra observation, with the aim of investigating the innermost regions (from tens to hundreds of parsecs from the central nucleus) by constructing a map of the equivalent width (EW) of the Fe Kα emission. We will show that such procedure is crucial to study the reprocessing of the nuclear radiation by the circumnuclear Compton-thick material, unveiling the dimensions and the geometrical structure of the absorber/reflector. 
OBSERVATIONS AND DATA REDUCTION
The Circinus galaxy (z=0.00144) was observed by Chandra on 2010, December 17 th for an exposure time of 160 ks and a week later, on December 24 th for an exposure time of 40 ks, with the Advanced CCD Imaging Spectrometer (ACIS: Garmire et al. 2003) . Data were reduced with the Chandra Interactive Analysis of Observations (CIAO: Fruscione et al. 2006) 4.4 and the Chandra Calibration Data Base (CALDB) 4.4.6 database, adopting standard procedures. The imaging analysis was performed applying the Subpixel Event Repositioning and smoothing procedures widely discussed in the literature (Tsunemi et al. 2001; Li et al. 2004; Wang et al. 2011) . We therefore used a pixel size of 0.123 arcsec, instead of the native 0.495 arcsec. At the distance of the source 1 arcsec=19 pc. We generated event files for the two observations separately with the CIAO tool chandra repro and merged them into a single image using the tool merge all. After cleaning for background flaring we got a total exposure of 192 ks. Then we identified point sources in the field of view with the wavdetect tool and removed them, with the exception of the nucleus and a faint source detected by wavdetect in the 1.0-3.0 keV image (with the applied subpixeling factor of 4), 0.038 arcmin from the nucleus (RA=14:13:09.598; DEC=-65:20:21.85). Spectra 1, 2, 3, 4 were extracted from 1.5×1.5 arcsec 2 regions, 5 and 6 from 3.5 arcsec × 1 arcsec boxes and 7 from a 0.9×0.9 arcsec 2 region. We used a 15 arcsec radius circle for background extraction. Spectra were binned in order to over-sample the instrumental resolution by a factor of 3 and to have no less than 30 counts in each backgroundsubtracted spectral channel. This allows the applicability of the χ 2 statistics. We ignored channels between 7.0 and 10.0 keV due to pileup, constrained to be within 10%. We applied a self-consistent (Marconi et al. 1994, Fig. 6 and 7, respectively) . A compact, intense hard X-ray emitting zone is apparent in the inner 200 parsec. It can be attributed to the reprocessing of the nuclear radiation by the obscuring Compton-thick material, on a hundred parsec scale from the central X-ray source. In a radius of 3 arcsec, the unresolved nucleus contributes 70 per cent of the 0.5-8 keV counts, with the extended component contributing of the remaining counts (Sambruna et al. 2001a) . It is interesting to note that such spatial scale is consistent with the so-called "obscuring wall" region described in Ohsuga & Umemura (2001) , a radiatively-supported circmunuclear obscuring structure on scales < 100 pc. To investigate this region in greater detail we therefore selected two energy intervals: one to characterize the neutral iron Kα emission (6.3-6.5 keV, Fig. 1, right panel) and one for the reflected emission from cold material (4.0-6.0 keV). Such a conservative choice on the iron Kα line energy interval was taken to avoid any contribution from further more ionized nuclear components, such as Fe xxv Kα and Fe xxvi Kα. The soft emission, on the other hand, can be neglected above 4 keV, being the cold reflection the dominant spectral component. We then divided the 6.3-6.5 keV image by the 4.0-6.0 keV one and smoothed the image with a Gaussian filter with a kernel of 4 pixels: the result can be seen in Fig. 2 . The Fe Kα EW excess is axisymmetric with respect to the nucleus, co-aligned with the disk of the galaxy and almost perpendicular to the [OIII] ionization cone. The structure is extended on a spatial scale that can be fully embedded in a 100×100 parsecs region. Radial profiles are shown in Fig. 3 , both in the iron Kα and in the cold reflection energy bands. The contribution of the source to the total surface brightness is in excess to the one expected from the ACIS-S Point Spread Function, up to 3 arcsec (∼ 60 pc).
Spectral fitting
The 4-7 keV spectra of the 7 regions defined in Fig. 2 are shown in Fig. 4 . We used xspec 12.8.0 (Arnaud 1996) and errors correspond to the 90% confidence level for one interesting parameter (∆χ 2 = 2.7), if not otherwise stated. The 7 spectra were fitted with a model consisting of a reflection continuum (model PEXRAV, Magdziarz & Zdziarski 1995) and three emission lines for neutral Fe Kα, Fe xxv Kα (actually an unresolved triplet, we fixed the centroid of the line at 6.65 keV) and for the Compton Shoulder (CS) redwards of the line core (with energy fixed at 6.3 keV and σ = 40 eV, Matt 2002 ). An additional power law was added to the model, when needed, to be associated to the diffuse soft emission.A value of Γ = 1.56 was used for the reflection component, as measured from the BeppoSAX and Suzaku high energy spectra Yang et al. 2009) , and the cosine of the inclination angle is fixed to 0.45. A Galactic absorption of 5.6 × 10 21 cm −2 has been taken into account (Dickey & Lockman 1990) . We left the normalizations of the emission lines, of the reflection component, the energy centroid and width of the Fe Kα line free to vary between the 7 spectra. The model successfully reproduces all the individual spectra, with EW typical of reflection-dominated sources. The overall fit is good and no strong residuals are present. The additional power law (Γ = 3.0 ± 0.2) for the diffuse emission is required only in the fit of the spectrum extracted from region 6 (∆χ 2 = 5), with a contribution smaller than 10 per cent to the total flux in the 4-7 keV band. In region 4 a power law (Γ = 1.6 ± 0.2) is required (∆χ 2 = 8) and can be associated to the faint source mentioned in Sect. 2, its flux contributing ∼15 per cent of the total. In region 7 two additional emission lines are also required by the fit, at 5.45±0.05 keV and 6.03±0.04 keV (∆χ 2 = 8) with fluxes of 0.2 ± 0.1 ad 0.3 ± 0.1 10 −5 ph cm −2 s −1 , respectively. These two emission lines had already been detected in the grating spectra presented in Sambruna et al. (2001b) . The best fit leads to a χ 2 /d.o.f.=120/102 and no combined additional residuals are found (see Fig. 4 ). When we measure the EW of the narrow core of the neutral iron Kα line we find a clear variation between different zones, as inferred from the axisymmetric structure shown in Fig. 2 . The maximum variation, at a 2.4 σ confidence level, is found when we compare region 1 (EW=2.2 +0.5 −0.5 keV) with region 5 (EW=0.9 +0.3 −0.3 keV).
DISCUSSION
In the last few years much evidence for the presence of extended iron Kα emission has been found in nearby Comptonthick AGN, such as NGC 1068 (Young et al. 2001 ), Mrk 3 (Guainazzi et al. 2012 ) and NGC 4945 (Marinucci et al. 2012) , indicating that reflecting material may extend on scales ranging from tens to thousands of parsecs. We show with our analysis that high resolution X-ray imaging is a very powerful tool to trace this component and it is fundamental to disentangle the extended reflecting structures from the nuclear unresolved emission. The map of the EW of the line with respect to the cold reflection continuum allows us to draw a general geometry for the circumnuclear environment, on spatial scales of tens of parsecs. The gas we picture in Fig. 1 is aligned with the one shown in a recent catalog of mid-infrared observations of Circinus (Burtscher et al. 2013 , references to previous works therein) where smaller scales are studied (∼0.1-10 pc), suggesting that the material producing the cold reflection and the iron Kα line, in principle, could be the outer part of the dusty region responsible for the infrared emission. The maximum difference in EW is found when regions 5 and 1 are compared (a factor ∼ 2). A scenario where such a difference is due to variations of metallicity between the two zones is unlikely. The dependence of the Fe Kα features from the chemical abundances is discussed in Matt et al. (1997) and a difference of 2-5 in iron abundance is needed to achieve a difference of a factor 2 in the EW of the line. Enrichment due to iron is mainly attributed to SNIa on times scales of ∼1 Gyr (SNIa late) or hundreds of Myrs (SNIa early) (Loewenstein 2006 , and references therein). Such an iron enrichment on these time scales cannot remain constrained in a region of tens of parsecs. A difference of 3-5 Z⊙ between regions 1 and 5 can therefore be considered very unlikely. We interpret the differences in the EW of the iron Kα line (Table 1 ) and the particular, axisymmetric shape of its excess with respect of the reflected nuclear continuum (Fig. 2) as purely due to geometrical effects. The bright Fe line EW spots (e.g. regions 1 and 3 in Fig 2) are regions where Fe emission is enhanced with respect to the underlying reflection continuum. Indeed, the Fe Kα EW has a strong dependence from the column density of the illuminated material, as presented in a large number of works using a toroidal (Yaqoob et al. 2010) or a slab (Matt 2002 ) geometry, and from the angle θi between the polar direction and the line of sight, as studied and discussed in Matt et al. (1991) and George & Fabian (1991) . The axisymmetric nature of the Fe line EW image seen in Fig. 2 suggests that the two brightest EW spots (regions 1 and 3) define the equatorial plane of the obscuring medium and accretion flow system, aligned with the disk of the galaxy and with the structure observed in mid-infrared (Burtscher et al. 2013) . Reassuringly, the normal to the direction joining regions 1 and 3 is aligned with the soft X-rays (and [OIII] cones), which most likely define the polar direction. We point out the fact that the soft emitting cone is observed (Fig. 1) in regions where also iron Kα is emitted: it is a further hint of the presence of a clumpy structure (Nenkova et al. 2008) due to soft emission leaking through the reflecting material, as already found in similar imaging analysis with Chandra on NGC 4151 (Wang et al. 2011 ) and Mrk 573 (Paggi et al. 2012) .
CONCLUSIONS
We presented a spectral and imaging analysis of the X-ray reflecting structure at the center of the Circinus galaxy, taking advantage of a 200 ks Chandra ACIS-S observation. An axisymmetric, clumpy structure is responsible for both cold reflection of the primary radiation and neutral iron Kα line emission, on spatial scales of tens of parsecs. Spectra extracted from different regions can be interpreted with cold reflection from Compton-thick gas and significant variations in the equivalent width of the iron Kα emission line.We discard a scenario where the observed differences can be explained in terms of a metallicity variation, we conclude that they are likely explained in terms of scattering angles with respect to the line of sight.
